Fifty temperature-sensitive mutants, which replicate at 32°C but not at 39.5°C, were isolated after mutagenesis of the vaccine strain of adenovirus type 7 with hydroxylamine (mutation frequency of 9.0%) or nitrous acid (mutation frequency of 3.8%). Temperature-sensitive (ts) mutants of several serotypes of human adenoviruses have been isolated (2, 7, 8, 18, 22, 24, 25, 31, 32, (35) (36) (37) 42) , and their study has given valuable insight into the organization of the viral genome and the regulation of the viral replication cycle. However, only a few of the more than 20 virus-encoded proteins have been linked firmly to a conditionally lethal, ts phenotype. Moreover, serotypes 3, 4, 7, 8, and 11, which are most commonly associated with disease in humans, are represented in these studies by a single ts mutant, "Ad7 (19)" (8). To determine whether the limited number of genes altered in the relatively large number of adenovirus mutants already isolated was peculiar to the particular viruses predominantly studied (adenovirus type 2 [Ad2], AdS, and Adl2), this investigation was initiated using a virus from another subgroup. Ad7 was selected since it is an important etiologic agent of respiratory and ocular diseases and thus is one of the viruses contained in the live virus vaccine employed mainly in the Armed Forces (40). Therefore, it was possible that this study could provide not only mutants important for the study of regulation of viral replication but also a virus that may serve as an even better vaccine strain than that presently employed.
Temperature-sensitive (ts) mutants of several serotypes of human adenoviruses have been isolated (2, 7, 8, 18, 22, 24, 25, 31, 32, (35) (36) (37) 42) , and their study has given valuable insight into the organization of the viral genome and the regulation of the viral replication cycle. However, only a few of the more than 20 virus-encoded proteins have been linked firmly to a conditionally lethal, ts phenotype. Moreover, serotypes 3, 4, 7, 8, and 11, which are most commonly associated with disease in humans, are represented in these studies by a single ts mutant, "Ad7 (19)" (8) . To determine whether the limited number of genes altered in the relatively large number of adenovirus mutants already isolated was peculiar to the particular viruses predominantly studied (adenovirus type 2 [Ad2], AdS, and Adl2), this investigation was initiated using a virus from another subgroup. Ad7 was selected since it is an important etiologic agent of respiratory and ocular diseases and thus is one of the viruses contained in the live virus vaccine employed mainly in the Armed Forces (40) . Therefore, it was possible that this study could provide not only mutants important for the study of regulation of viral replication but also a virus that may serve as an even better vaccine strain than that presently employed.
This report describes the isolation and preliminary characterization of 50 conditionally lethal ts mutants of the vaccine strain of Ad7. Forty-eight mutants have been assigned to seven complementation groups. The physical location of the ts lesions of 14 mutants, selected from each of the complementation groups, has been determined using the marker rescue technique (11 Plaque assays were performed as previously described (21) , with the following modification: at 39.5°C, 293 and KB cells were fed with 3.5 ml of medium on days 7 and 14 and stained on day 19 with overlay medium containing 0.01% neutral red, and plaques were counted on day 20 . Assays using HF cells and gpt+ KB cell line 18 followed the above feeding schedule, but they were stained on day 22 (3) , except that the cell extracts were centrifugated for 16 h instead of 3 h.
Polyacrylamide gel electrophoresis. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis was performed by the method of Laemmli (20) .
Immunoprecipitation. Immunoprecipitation reactions were performed as previously described (27) .
RESULTS
Isolation of ts mutants. Thirty-six ts mutants were isolated from 398 plaques picked at random after treatment of Wt virus with hydroxylamine (mutation frequency, 9.0%), and Classification by complementation analyses. To group the isolated mutants according to functional defects, complementation analyses using pairs of the Ad7 ts mutants were carried out in KB cells to arrange the related mutants in groups. To obtain genetic evidence of the genes involved, intertypic complementation was done using well-characterized Ad5 ts mutants (7, 42) .
Intratypic complementation. To facilitate the classification of the many mutants, the first 14 mutants isolated were tested in pairwise crosses and tentatively assigned to complementation groups. Representatives from each group were then used to screen the remaining mutants. Despite extensive evidence for intracistronic complementation (10), the results clearly classified the mutants into seven complementation groups ( Table 2 ). The most ambiguous crosses were also analyzed by measuring the kinetics of viral replication in KB cell spinner cultures (7) , and the results in every cross examined by this technique were in agreement with those by the standard technique. It is striking that the majority of mutants fell into two complementation groups, groups B and E, which contained 13 and 25 mutants, respectively. Each of these groups consisted of subsets of mutants that showed low degrees of overlapping complementation, a behavior that is characteristic of intracistronic or intragenic complementation (10) . Marker rescue and phenotypic characterization studies supported this classification (see below).
Intertypic complementation analyses. To help identify the functional gene product affected by the mutation, complementation between the Ad7 ts mutants and well-characterized AdS ts mutants (7, 42) Immunofluorescence. Immunofluorescence, using antiserum prepared against purified Ad7 virions, was employed to test the ability of the ts mutants to synthesize the major structural proteins under permissive and nonpermissive conditions. Only the group A mutant, H7ts93, failed to make detectable amounts of immunologically reactive late antigens at 39.5°C and was therefore the only probable early mutant. This mutant was examined further for its ability to synthesize immunologically reactive DNA-binding protein, using antiserum made against Ad5 DNA-binding protein (14) . No fluorescence was detected in cells infected with H7ts93 and incubated at 39.5°C whereas nuclear fluorescence was observed in H7ts93-infected cells at 32°C and in Wt-infected cells at 39.5 and 32°C.
To confirm the intratypic complementation data and to characterize more fully the phenotypic defects of group B and C mutants, the distribution of immunologically reactive hexons in cells infected at 39.5°C with representatives of the different complementation groups was examined, using antiserum prepared against purified AdS native (trimeric) hexons (34) . It is important to note that the antibodies present in this antiserum only react with trimeric hexons and will not combine with the hexon polypeptide chains (34) . In cells infected with group B and C mutants the fluorescence was predominantly cytoplasmic, whereas Wt virus and all other mutants examined accumulated trimeric hexons in the nucleus (Table 5) .
Assembly of capsids. Since mutants classified in complementation groups D, E, F, and G (see Table 2 ) produced functional hexons and fibers at the nonpermissive temperature, their ability to assemble capsids at 39.5°C was tested. Members of groups D, E, and F assembled empty capsids which banded in CsCl at a buoyant density of approximately 1.30 g/ml, as well as particles that banded at a buoyant density of approximately 1.27 g/ml. None of the mutants assembled DNA-containing capsids. Analysis by electrophoresis in sodium dodecyl sulfate-polyacrylamide gels showed that the empty capsids of the mutants did not contain proteins V and VII and that their polypeptide pattern was indistinguishable from that of the empty capsids of the Wt virus. Proteins banding at a buoyant density of 1.27 g/ml consisted almost entirely of penton base and fiber and seemed to be identical to those proteins present in Wt virus-infected cell lysates (data not shown). All failed to produce material banding at a buoyant density of approximately 1.27 g/ml. Detailed characterization of these mutants will be presented elsewhere (Praszkier and Ginsberg, in preparation). DISCUSSION Fifty ts mutants of the vaccine strain of Ad7 were isolated after treatment of viral stocks with hydroxylamine or nitrous acid. The frequencies of mutant isolation, 9.0% for hydroxylamine and 3.8% for nitrous acid, were comparable to those reported by other investigators using similar techniques to select mutants of Ad2 (18, 25) , Ad5 (7, 42) , and Adl2 (31) .
Forty-six mutants were assigned to seven nonoverlapping complementation groups (Table 1) . Two mutants, H7ts7 and H7ts54, gave ambiguous results in complementation crosses and were not studied further. Characterization of H7ts44 and -64 revealed that, unlike other members of the complementation group to which they were assigned, they failed to assemble functional hexons, and H7ts64 also failed to assemble functional fibers at the nonpermissive temperature. The most plausible explanation for these observations is that H7ts44 and -64 are double mutants. Considerable intracistronic complementation (10) was observed with mutants classified in groups B and E. Crosses between pairs of mutants within these two groups gave complementation indices ranging from less than 1 to several hundred. However, the overall pattern was a series of overlapping groups strongly suggestive of intracistronic complementation. This view was supported by functional, phenotypic, and physical mapping studies. Intracistronic complementation has been suggested for AdS ts mutants (15, 43) and seems to explain the disparity between the large number of complementation VOL. 61, 1987 on October 28, 2017 by guest http://jvi.asm.org/ Downloaded from groups reported for Ad5 (43) and Ad2 (25) and the relatively few genes affected (15 (43) .
The physical mapping studies of selected ts mutants of Ad7 showed that mutants H7ts77 and H7ts81 (group B) and H7ts19 (group C) mapped between coordinates 50.4 and 60.2, which is the physical location of the L3 region encoding the genes for protein VI and hexon (23, 26, 29 
